Declaration 



I, Yukio IWAMOTO, a national of Japan, c/o Asamura 
Patent Office of 331-340, New Ohtemachi Building, 2-1, 
Ohtemachi-2-chome, Chiyoda-ku, Tokyo, Japan do hereby 
solemnly and sincerely declare: - 

1) THAT I am well acquainted with the Japanese language and 
English language, and 

2) THAT the attached is a full, true, accurate and faithful 
translation into the English language made by me of 
Japanese Text of the U.S. Serial No. 10/765059 filed on 
January 28, 2004. 

The undersigned declares further that all statements made 
herein of his own knowledge are true and that all statements 
made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under section 1001, of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issuing thereon. 



Date of Sign : March 25, 2004 




Yukio IWAMOTO 
Patent Attorney 



BACKGROUND OF THE INVENTION 

The present invention relates to a screw 
compressor including a substantially cylindrical- 
shaped, vertical oil separator and an oil reservoir 
that accumulates an oil separated by the oil separator, 
and more particular, is suitable for a screw compressor 
that is used in a refrigerating cycle and reduces an 
oil flow-off quantity of the compressor (a quantity of 
oil flowing outside the compressor) . 

A screw compressor for use in, for example, a 
refrigerating cycle comprises a casing accommodating 
therein at least a pair of male and female rotors 
meshing with each other and bearings, a discharge 
casing including bearings supporting the male and 
female rotors, a substantially cylindrical-shaped, 
vertical oil separator, and an oil reservoir 
accumulating an oil separated by the oil separator. 

Substantially cylindrical-shaped, vertical 
oil separators include a centrifugal-type oil 
separator, in which centrifugal forces induced by a 
swirling flow in a separation space adhere an oil to an 
inner wall surface and the oil revolves along the inner 
wall of the separator to descend and is accumulated in 
an oil reservoir (oil reserving space) provided in a 
lower portion of the separator. Further, the separator 



is generally structured so that gas is discharged from 
an upper portion of the separation space. As an 
example to separate and recover an oil contained in gas 
discharged from a compression mechanism part of a 
compressor by the centrifugal separation action, there 
is a separation system called a cyclone type disclosed 
in, for example, JP-A-2002-138980 . This conventional 
example is constructed such that discharge gas of the 
compressor is introduced into a cyclone type oil 
separating chamber provided in an upper portion of an 
oil tank, the oil is primary separated by utilizing a 
centrifugal force, and then, as a measure of preventing 
the oil from being again scattered, minute oil mist is 
secondary separated by a mesh wire pad or the like. 

As described in the JP-A-2002-138980, it is 
general in centrifugal separation type oil separators 
that a separation space and an oil reserving space are 
constructed to unite together. 

As described above, while it is general in 
centrifugal separation type oil separators that a 
separation space and an oil reserving space are 
constructed to unite together, a distance (spatial 
distance above an oil surface) between an oil surface 
of an oil in an oil reservoir and a compressed gas 
discharge pipe inlet mounted in an upper portion of the 
oil separator must be made large in order to ensure a 
high separation efficiency, so that it is difficult to 
make the separator small in size. 



On the other hand, in trying to make an oil 
separator small in size, the spatial distance above an 
oil surface must be reduced in order to ensure a 
necessary holding oil quantity, and in the case where 
the distance is made small, the oil is flung up from 
the oil surface when the gas flows into the discharge 
pipe, whereby there is caused a problem of a remarkable 
increase in oil flow-off quantity. 

Also, as illustrated in the JP-A-2002-138980 , 
it is general that an oil separator is constructed to 
unite with a discharge casing of a compressor. In 
overhauling the compressor, the work is performed with 
the discharge casing removed, but since the discharge 
casing is heavy, there is caused a problem that 
workability is worsened. Further, according to 
specifications, compressors are bound to mount thereon 
a safety device such as a safety valve, etc. but when a 
safety valve is mounted on a compressor, there is 
involved a disadvantage that a floor space occupied by 
the compressor is increased. 

It is an object of the invention to provide a 
screw compressor that is simple in construction, can be 
made small in size, and can improve the workability at 
the time of overhaul operation. 

It is another object of the invention to 
provide a screw compressor that can also reduce an oil 
flow-off quantity of the compressor (a quantity of oil 
flowing outside the compressor) while achieving 



miniaturization . 

It is a further object of the invention to 
provide a screw compressor that can reduce a discharge 
casing in weight and can be made compact even when a 
safety device is mounted on the compressor. 

BRIEF SUMMARY OF THE INVENTION 

In order to attain the above objects, the 
invention provides a screw compressor comprising a 
casing accommodating therein at least a pair of male 
and female rotors meshing with each other and bearings, 
a discharge casing including bearings supporting the 
male and female rotors, a substantially cylindrical- 
shaped, vertical oil separator, and an oil reservoir 
accumulating an oil separated by the oil separator, and 
wherein the oil separator and the oil reservoir are 
formed integral with the casing. 

It is preferable that an inner space in the 
oil separator and the oil reservoir be communicated 
with each other by at least one or more openings. 
Also, it is preferable that the opening (s) be provided 
at a lower end of the oil separator or in the vicinity 
of the lower end. Further, it is preferable that the 
opening (s) be formed so that a width of the opening (s) 
is increased toward an outer periphery of an inner 
space of the oil separator from a center thereof (an 
area of the opening or openings is gradually 
increased) . 



In a screw compressor mounting thereon a 
safety valve communicated with a compressor discharge 
gas passage, it is preferable that the safety valve be 
mounted on an outer wall of the oil separator and a 
line connecting between the safety valve and a center 
of the oil separator is made substantially in parallel 
to axes of the screw rotors. 

The invention also provides a screw 
compressor comprising a main casing accommodating 
therein a pair of male and female rotors that mesh with 
each other, bearings, and the like, a discharge casing 
including bearings that support the rotors, an oil 
separator, and an oil reservoir that accumulates an oil 
separated by the oil separator, and wherein the oil 
separator and the oil reservoir are formed integral 
with the main casing, an inner space in the oil 
separator and the oil reservoir are communicated with 
each other by at least one or more openings, a safety 
valve is mounted on the oil separator, and a line 
connecting between the safety valve and a center of the 
oil separator is made substantially in parallel to axes 
of the screw rotors. 

Preferably, the opening (s) is formed in a 
part of a lower portion of an oil separation space of 
the oil separator and toward an outer peripheral side 
of the oil separation space from a center thereof. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
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Fig. 1 is a longitudinal, cross sectional 
view showing a screw compressor according to an 
embodiment of the invention; 

Fig. 2 is a cross sectional view showing an 
5 oil separator and an oil reservoir and taken along line 
II-II in Fig. 1; 

Fig. 3 is a cross sectional view taken along 
line III-III in Fig. 2; 

Fig. 4 is a view corresponding to Fig. 3 and 
10 showing another example of an opening; 

Fig. 5 is a horizontal, cross sectional view 
showing the screw compressor shown in Fig. 1; and 

Fig. 6 is a view (side view) of the screw 
compressor as viewed along an arrow B shown in Fig. 1. 
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DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the invention will be 
described hereinafter with reference to the drawings. 

Fig. 1 is a longitudinal, cross sectional 
20 view showing a screw compressor according to an 
embodiment of the invention, Fig. 2 is a cross 
sectional view taken along line II-II in Fig. 1 and 
showing details of an oil separator and an oil 
reservoir, and Fig. 3 is a cross sectional view taken . 
25 along line III-III in Fig. 2. 

The screw compressor comprises a casing (main 
casing) 1 accommodating therein at least a pair of male 
and female rotors 6m, 6f, roller bearings 10, 11, etc., 



a motor casing 2 having a suction inlet 8 and 
accommodating therein a drive motor 7, and a discharge 
casing 3 including a roller bearing 12, a ball bearing 
13, etc. that support the male and female rotors 6m, 
6f. The casings 1, 2, 3 are mutually connected in a 
sealing relationship. The main casing 1 is integrally 
formed with an oil separator 24 and an oil reservoir 
(oil reserving space) 19 on a back side or a front 
side, and an interior of the oil separator 24 
constitutes an oil separation space 4 (see Fig. 2). 
Also, an opening 15 communicated with the oil reserving 
space 19 is formed in a lower portion of the oil 
separation space 4. Further, the main casing 1 is 
formed with a cylindrical-shaped bore 16 and a suction 
port 9, through which gas is introduced into the 
cylindrical-shaped bore 16. Accommodated in the 
cylindrical-shaped bore 16 are the pair of male and 
female rotors 6m, 6f rotatably supported by the roller 
bearings 10, 11, 12 and the ball bearing 13 to mesh 
with each other, and a shaft of either of the male and 
female rotors is connected directly to the drive motor 
7 accommodated in the motor casing 2. 

The discharge casing 3 accommodating therein 
the roller bearing 12 and the ball bearing 13 is fixed 
to the casing 1 by means of bolts or the like. A 
shielding plate 18 that closes a bearing chamber 17 is 
mounted on an end of the discharge casing 3. 

As shown in Fig. 5, oil feed passages 25 are 



formed in the main casing 1 and the discharge casing 3 
to provide communication between the oil reservoir 19 
and respective bearing portions. 

The oil separation space 4 formed in the oil 
separator 24 has a cross section having a circular 
shape or an approximate circular shape, and is provided 
centrally thereof with an inner cylinder 5 such as 
pipe. 

Flows of refrigerant gas and oil will be 
described hereinafter. 

Refrigerant gas of low temperature and low 
pressure sucked from the suction inlet 8 provided on 
the motor casing 2 passes through a gas passage formed 
between the drive motor 7 and the motor casing 2, and 
an air gap defined between a stator and a motor rotor, 
cools the drive motor 7, and thereafter is drawn 
through the suction port 9 formed on the main casing 1 
into a compression chamber defined by meshing tooth 
surfaces of the male and female screw rotors and the 
cylindrical-shaped bore 16. As the male rotor 6m 
directly connected to the drive motor 7 rotates, the 
refrigerant gas is introduced into the compression 
chamber and gradually compressed as the compression 
chamber is reduced in volume. Thus the refrigerant gas 
becomes one of high temperature and high pressure to be 
discharged into a discharge port 14 provided in the 
discharge casing 3, from which discharge port the 
refrigerant gas passes through an oil separator inlet 



passage 20 that is formed in the discharge casing 3 and 
the main casing 1, and is discharged into the oil 
separation space 4 of the oil separator 24. Among 
compression reaction forces acting on the male and 
female screw rotors at the time of compression, a 
radial load is borne by the bearings 10, 11, 12 and a 
thrust load is borne by the ball bearing 13. Oil for 
lubrication and cooling of these bearings is fed due to 
a differential pressure through the oil feed passages 
25 that are formed to be communicated with the 
respective bearing portions, from the oil reservoir 19 
formed below a compression mechanism composed of the 
male and female screw rotors, and the oil thus fed is 
then discharged together with the compressed gas into 
the oil separation space 4. 

The oil separator inlet passage 20 is opened 
substantially tangentially to an inner wall of the oil 
separation space 4, and a mixture of the compressed gas 
(refrigerant) and the oil inflows along the oil 
separator inner wall to go along the cylindrical-shaped 
inner wall to generate a swirling flow, and the oil is 
separated from the gas due to the centrifugal action. 
The oil as separated drops along the wall surface, 
passes through the opening 15 that provides 
communication between the oil separation space 4 and 
the oil reservoir 19 in the compressor, and is 
accumulated in the oil reservoir 19. By forming the 
opening 15 into, for example, a rectangular shape shown 



in Fig. 3, manufacture as by casting or the like is 
facilitated. 

If a constitution, in which the oil is 
accumulated in the oil separation space 4, is employed, 
a spatial distance above an oil surface is reduced and 
so the oil separated by the swirling flow generated 
within the oil separation space 4 is again carried away 
together with the gas to cause scattering again. 
According to the embodiment, the oil as separated is 
recovered into the oil reservoir 19 through the opening 
15 formed in a part of a lower portion of the oil 
separation space 4, so that it is possible to prevent 
carrying-away by the swirling flow of the gas within 
the oil separation space 4. 

In addition, the compressed refrigerant gas 
after the oil separation is discharged outside the 
compressor via a discharge port 23. 

According to the embodiment, the oil 
separator is formed integral with the main casing, so 
that the discharge casing can be sharply reduced in 
weight as compared with the case where the oil 
separator were formed integral with the discharge 
casing. Therefore, the oil separator is formed 
integral with the compressor casing, that is, the oil 
separation mechanism is not provided separately from 
the compressor body, and so it suffices that the 
discharge casing reduced in weight be dismounted at the 
time of the maintenance operation such as exchange of 



bearings or the like, thus enabling markedly enhancing 
the work efficiency. 

Fig. 4 is a view corresponding to Fig. 3, and 
shows another example of a shape of the opening 15 
formed in the lower portion of the oil separator. In 
this example, the opening 15 is shaped to assume a 
sector such that its width, that is, its opening area 
is increased as it approaches an outer wall side of the 
oil separation space from a center thereof. With such 
construction, much of the oil moves to an outer 
peripheral side of the oil separation space 4 due to 
centrifugal forces generated by the swirling flow, so 
that there is produced an effect that the oil can be 
rapidly and efficiently recovered into the oil 
reserving space when the opening area of the opening is 
increased toward the outer periphery of the oil 
separation space. In addition, the openings 15 may be 
provided in plural number. 

Fig. 5 is a horizontal, cross sectional view 
showing the screw compressor shown in Fig. 1, and Fig. 
6 is a view as viewed along an arrow B in Fig. 1. 

The oil separator 24 is provided with a mount 
hole 21, to which a safety valve 22 is mounted, and a 
line connecting between a center of the oil separator 
24 and the mount hole 21 is made substantially in 
parallel to axes of the screw rotors 6m, 6f. With such 
construction, even when the safety valve 22 is mounted, 
a depth dimension b (see Fig. 6) is not increased, and 
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so an installation area (a length dimension a * depth 
dimension b) of the compressor can be made minimum. 

While a construction has been described, in 
which the oil separator 24 and the oil reserving space 
19 are formed integral with the main casing of the 
screw compressor in the above embodiment, an oil 
separator and an oil tank (oil reservoir) can be formed 
separately to be mounted or arranged on a front surface 
or a back surface of a main casing. 

According to the invention, since the oil 
separator and the oil reservoir are formed integral 
with the casing that accommodates therein the rotors, 
the discharge casing is made separate from the oil 
separator and the oil reservoir and so can be sharply- 
reduced in weight, whereby it is possible to easily 
perform the maintenance work such as inspection, 
repair, and exchange of bearings, etc. 

Also, since the opening that provides 
communication between the lower portion of the oil 
separator and the oil reservoir is provided on a part 
of the bottom of the oil separation space, accumulation 
of the oil in the oil separation space is eliminated 
and it is possible to prevent the gas swirling flow in 
the oil separation space from flinging up the oil 
accumulated in the oil reservoir, so that the oil as 
separated can be prevented from being again mixed in 
the discharged gas. Therefore, it becomes unnecessary 
to ensure a large spatial distance above the oil 
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surface as in the conventional art, so that the 
compressor can be made small in size. Further, such a 
part as mesh wire pad as in the conventional art 
becomes unnecessary, and so the compressor is made 
5 simple in construction. 

With the opening having a cross sectional 
area such that a width (area) of the opening is 
increased as it approaches the outer peripheral side of 
the oil separation space from the center thereof, the 

10 oil separated in the oil separation space can be 

efficiently recovered in the oil reservoir and so a 
screw compressor having a small oil flow-off quantity 
is obtained. 

Further, a line connecting between the safety 

15 valve and the center of the oil separator is made 
substantially in parallel to the axes of the screw 
rotors whereby there is produced an effect that the 
screw compressor can be reduced in installation area. 



